'To whom reprint requests should be sent Deviations in the pattern of soluble proteins from chemically induced primary rat hepatomas and from transformed, tumorigenk liver cell lines were determined by high resolution two-dimensional gel electrophoresis (2DE). As compared with the protein pattern of normal rat liver with ~ 1300 protein spots visible in silver-stained gels, quantitative and qualitative alterations were found in hepatomas including neoexpression of glutathione-S-transferase P, as described earlier. After correction for proliferation-related changes by comparison with gels of cells from regenerating rat liver, 30 protein variants remained, which were identically up-(n = 6) or down-regulated (n = 18) or were detected as new spots (n = 6) in primary hepatomas and transformed tumorigenk liver cell lines which are devoid of contaminating nonparenchymal cells. Seven of these variants showed a reduced expression in short-term cultured liver cells indicating dedifferentiation processes in the transformed state. Several hepatoma-and transformation-associated variants were found in clusters of similar mol. wt and/or pi, among them a complex of eight protein variants at -33-35.5 kDa and a pi of -6.6-7.4. Spots of this cluster show considerable changes between the investigated experimental groups and might be suited for being studied at the level of posttranslational modification during carcinogenesis.
Introduction
In search for critical changes during the multistep process of liver carcinogenesis it has been found that shortly after exposure to an initiating agent foci of phenotypically altered liver cells arise (1) (2) (3) which are characterized by clonal growth (4) and enhanced proliferative activity (2) . Cells of these foci become promotable (5, 6) , responsive to external stimuli like phenobarbital (7) , capable of growing in vitro (8) and give rise to hyperplastic and neoplastic nodules. Finally some nodules end up in hepatomas with steeply enhanced proliferative activity and capable of metastasis formation (for reviews see [9] [10] [11] [12] [13] . It is likely that these changes occur as a consequence of primary irreversible events putatively at the genomic level and subsequent alteration of gene expression.
•Abbreviations: 2DE, 2-dimensional gel electrophoresis; DEN, diethylnitrosamine; MNU, N-methyl-N-nitrosourea; HU, hydroxyurea; H&E, hematoxylin and eosin; EMEM, Eagle's minimal essential medium; NCS, newborn calf serum; IEF, isoelectric focusing; NEPHGE, non-equilibrium pH gradient electrophoresis; AIF, anodic isoelectric focusing; CIF, cathodic isoelectric focusing; GST-P, glutathione-S-transferase P; AAF, 2-acetylaminofluorene; ALDS, aldehyde-NAD(P)oxidoreductase; TGF, transforming growth factor; PDGF, platelet-derived growth factor; FGF, fibroblast growth factor.
The multiplicity of structural and functional cellular alterations during liver carcinogenesis implies deviations also at the protein level. Using high resolution two-dimensional gel electrophoresis (2DE*) (14, 15) comparative analysis of proteins has been made in normal rat liver, Novikoff (16) (17) (18) and Morris hepatomas (19) as well as in regenerating rat liver (18) (19) (20) . Tumorassociated protein variants were detected. In the meantime, methods of high resolution 2DE have been improved by combination with sensitive silver-staining methods (21) or by radioactive labeling, and more protein spots can be detected in a 2DE gel (22) . Now the method has reached a level that allows resolution of most of the unknown protein species of a mammalian organism (23, 24) .
Using highly sensitive silver-stained 2DE gels, changes of preneoplastic and neoplastic liver tissue induced by diethylnitrosamine (DEN) in the Solt-Farber model (25) or by the nongenotoxic peroxisome proliferator ciprofibrate (Reddy model) were detected (26) . While only few qualitative differences between normal, preneoplastic and neoplastic liver cells were found in the cytosolic and particulate protein fractions, numerous quantitative protein changes were observed (25, 26) . However, no final conclusion on the specificity for the carcinogenic process can be derived.
At present, an interpretation of published results seems difficult because of the heterogeneous cellular composition of the liver at normal, preneoplastic and neoplastic stages. Not only the varying amounts of contaminating non-parenchymal cells are difficult to take into consideration, but also the varying number of proliferating cells in the samples might influence the 2DE protein pattern. Therefore we used a different approach. After comparison of the 2DE pattern of normal and chemically-induced hepatoma tissues we compared the results with the 2DE pattern of rat liver cells isolated from regenerating rat liver in order to be able to correct for proliferation-induced protein changes. The subsequent comparison was based on the 2DE pattern of isolated liver parenchyrnal cells cultivated in vitro for 24 h, in order to take into consideration protein alterations due to culture conditions. Finally, comparisons with the 2DE pattern of cultures of different transformed liver cell lines without any contaminating non-parenchymal cells were performed in order to end up with protein changes which more likely reflect the transformed tumorigenic state.
Materials and methods

Animals
Male Wistar rats (AF/Han, 200-220 g) bred in our laboratory were used for the experiments. Liver tumors and early neoplastic lesions were induced by A'-methyl-yV-nitrosourea (MNU) (27) . Briefly, adult rats underwent two-thirds partial hepatectomy (28) . Fourteen hours after the operation, hydroxyurea (HU) was infused continuously through the tail vein as previously described (27, 29) followed by i.p. injection of MNU (25 mg/kg, Sigma Chemie, Deisenhofen, Germany) 1 h after the end of HU infusion. Subsequently, a standard diet containing 0.05% phenobarbita] (PB, Merck, Darmstadt, Germany) was given. Control animals were partially hepatectomized and received a continuous HU infusion, but no MNU injection, and were fed a die! with 0.05% PB.
Liver tumors
Fourteen to sixteen months after operation six individual well-differentiated hepatocellular carcinomas of MNU-treated rats and liver tissue from four agematched control animals were removed from the rats under ether anesthesia and immediately transfered to ice-cold 0.9% NaCl solution and rinsed several times. The samples were frozen in liquid nitrogen and stored at -80° C.
Pieces of tumor and liver were fixed in formalin, embedded in paraffin and sections were hematoxylin and eosin (H&E) stained. Cryostat sections (8 /im) were made from frozen samples and stained for ATPase activity (30) .
Isolated celts from regenerating liver
Regenerating liver probes were taken from four male rats after partial hepatectomy. Twenty-two to 24 h after operation the liver was perfused through the portal vein with collagenase solution (Mg ++ -free oxygenized Hanks' solution with 5 mM CaCl 2> pH 7.35 and 0.05% collagenase (Worthington, Typ I, 126 U/ml) in a recycling system for 30 min at 37° C (8) . Cell suspensions from each liver were filtered through four layers of gauze and were allowed to sediment for 20 min on ice. One-half of each sample was washed twice with cold 0.9% NaCl solution, resuspended and centrifuged for 10 min at 1000 U/min. After final centrifugation the supernatant was removed. The pellets were frozen in liquid nitrogen and stored at -80° C until use.
Short-term cultivated liver cells
The other half of collagenase-isolated cells from each regenerating liver was incubated in 75 cm 2 Falcon flasks in Eagle's minimal essential medium (EMEM), 10% newborn calf serum (NCS) (both from Seromcd, Munich, Germany), penicillin and streptomycin (10 IU/1 each) at 37° C, 3% COj and 80% relative humidity. After 18 h incubation the medium was changed to remove dead cells and debris. After an additional 6 h cell monolayers were washed twice with cold 0.9% NaCl solution. The cells were removed by a rubber policeman, resuspended in cold NaCl solution and centrifuged for 10 min at 1000 U/min. The supernatant was removed and the pellets were frozen as described above.
Transformed liver cell lines
Permanent liver cell lines were initiated by diethylnhrosamine treatment in vivo (5 mg/kg/day in drinking water for 47-64 days) (8) . Four transformed cell lines were chosen: CL 38 (114th passage), CL 49 (42nd passage), CL 50-IV (49th passage) and CL 52 (36th passage) as described previously (8) . All cell lines were tumongenic after transplantation into syngeneic baby rats or nude mice and induced carcinomas [for details of morphology and histochemistry see (8) ].
All transformed cell lines grew as monolayers in EMEM with 10% NCS and antibiotics (see above). Cells of each line were seeded in 75 cm 2 Falcon flasks containing 10 ml culture medium. At near confluency the medium was changed 6 h before cell harvesting. The monolayers were washed twice with ice-cold 0.9% NaCl solution, removed by a rubber policeman and centrifuged for 10 min at 1000 U/min, the supernatant was discarded and cells were frozen and stored as described above.
Preparation of protein samples
Protein samples for 2DE were prepared from MNU-induced rat hepatomas, control liver tissue, collagenase-dissociated cells from regenerating liver, short-term cultivated liver cells and from transformed rat liver cell lines. The proteins were fractionated and the soluble proteins were extracted (31) .
Samples of liver tumors, control liver tissue and isolated liver cells were homogenized on ice in a glass homogenizer for 5 min in distilled water at a 11.5 wt7vol ratio. For short-term cultivated cells and transformed cell lines the ratio was 1:1. All homogenates were frozen at -20° C and thawed at room temperature twice and homogenized on ice again for 2 min. The samples were then centrifuged for 40 min at 4° C at 130 000 g (ultracentrifuge TGA 50, Kontron Instruments, Zurich, Switzerland). Urea, mercaptoethanol (Merck, Darmstadt, Germany) and ampholytes (servalyte pH 5 -7, Serva, Heidelberg, Germany) were added to the supernatant at final concentrations of 9 M, 5% and 2% respectively. The probes were frozen in liquid nitrogen and stored at -80° C until use. Two-dimensional gel electrophoresis 2DE was performed according to the method developed by Klose (14) as described in detail previously (32) , using the Iso-Dalt-System developed by Anderson (33, 34) .
lsoelectric focusing (IEF)
Twenty four glass tubes (inner diameter 1.5 mm, length 18 cm) were filled at a length of 15 cm with degassed separation gel solution. It consisted of 9 M urea, 5% glycerol, 3.5% acrylamide, 0.3% bisacrylamide, 0.06% Temed (all from LKB, Bromma, Sweden), 4% ampholytes (four parts servalyte pH 5-7 from Serva, 1 part pharmalyte pH 3-10 and 1 part ampholine pH 3.5-9.5 from LKB) and 0.02% ammonium persulfate (LKB). For two-dimensional analysis, proteins were subjected to both, non-equilibrium pH gradient electrophoresis [NEPHGE, samples were applied to the acidic end of the gels (anodic isoelectric focusing, AIF)] and equilibrium electrophoresis [samples were applied to the basic end of the gels (cathodic isoelectric focusing, CIF)]. For NEPHGE (32) the degassed cathode buffer consisted of 9 M urea, 5% glycerol and 5% ethylene diamine (all from Merck). After protein determination according to Lowry (Protein assay Kit; Sigma, St Louis, MO), 100 ^g protein for silver staining and 500 ^g protein for Coomassie Blue R250 staining (Serva), were applied onto the separation gels.
Overlay solution was placed on the protein samples, the tubes and upper chamber were filled with anode buffer solution [3 M urea, 7 .18% phosphoric acid (Merck)]. Gels were run for 1 h at 100 V; 1 h at 200 V; 16 h at 500 V; 45 min at 650 V; 30 min at 1000 V and 5 min at 1500 V resulting in 9425 V/h using an LKB 2197 power supply. For CIF samples were loaded on the basic end of the first dimension and were run at 9425 V/h in total, as described for AIF.
Focused gels were extruded from tubes and were immediately frozen and stored at -80° C until use.
Determination of pH gradient
The pH gradient of the first dimension (AIF and CIF gels) was determined by cutting 1 cm sections from 10 tube gels which were run in parallel. They were placed in Eppendorf tubes containing 500 y\ of degassed bidistilled water. After stirring for 60 min in closed vials, the pH values of the solutions was determined.
Second-dimensional gel electrophoresis
The second dimension was performed in a Dalt system according to Anderson (35) . Twenth-three gel cassettes (16 x 16 X 0.15 cm) were transferred to a casting box, where gradient gels 10-16% were poured, using the Dalt gradient former of the Iso-Dalt system. IEF gels, thawed just before use, were equilibrated for exactly 5 min, were applied onto the top of the slab gels and embedded in agarose solution. Ten slab gels were inserted into the Dalt tank containing electrode buffer (24 mM Tris base, 0.2 M glycine and 0.1 % SDS) at room temperature. At a running temperature of ~ 10° C, the gels run at a constant current (245 mA) overnight (~ 13.5 h) using an LKB 2197 power supply. Thereafter gels were incubated overnight in fixation solution (50% ethanol and 5% acetic acid). For silver staining the color silver staining kit Gelcode (Pierce, Illinois, USA) was used.
Determination of mol. wt in the gels
For mol. wt determination, protein standards were used (Gelcode, Protein Molecular Weight Marker Kit, Pierce). They were electrophoresed along the edge of the Dalt gels and contained transketolase (2.2.1.1.) mol. wt 81 000; creatinine phosphokinase (2.7.3.2) mol. wt 40 500; phosphoglycerate kinase (2.7.2.3.) mol. wt 29 000 and myoglobin mol. wt 17 500. In addition, a protein mixture was applied directly to the IEF gels (36) consisting of/3-lactoglobulin mol. wt 18 400 (Sigma); bovine serum albumin mol. wt 66 000; myoglobin mol. wt 17 500 and carboanhydrase (4.2.1.1.) mol. wt 29 000 (all from Serva).
Analysis of protein pattern in 2DE gels
For visual analysis of the potential changes of the protein patterns, pairs of experimental and control gels were compared. The identification of single protein spots in different gels was possible not only by their localization, form, size and intensity, but also in the relative position to other spot complexes. In addition, due to polychromatic silver staining, identical proteins in both patterns compared show the same colour (37) .
All clearly visible differences in the intensity of two corresponding spots (quantitative variants) or the appearance or disappearance of spots (qualitative variants) in one of the two gels compared were recorded (38) . First, protein variants were registered which were only found to be changed in all 2DE gels of hepatomas compared with control liver samples. These protein variants were compared with the 2DE gels of isolated cells from regenerating liver samples for correction of proliferation-induced variations of protein expression. The remaining variant spots were compared with those of transformed liver cell lines. An additional correction was made for those protein variants which were due to culture conditions by comparing with the spot pattern of short-term cultivated liver cells.
Co-electrophoresis with known liver proteins
For defining the position of unknown spots, some well-characterized proteins, transferrin and glutathione-S-transferase (2.5.1.18.) from rat liver (Sigma) were co-electrophorescd. The marker proteins were dissolved and stirred for 1 h before use in a mixture of a 9 M urea, 2% ampholytes and 5% mercaptoethanol.
Densitometric analysis of specific spots in 2DE gels
A densitometric analysis was performed on single spots in the 2DE silver-stained gels (Shimadzu CS-9000 densitometer). In a spectral scan (370-700 nm), the best spot:background ratio was at 550 nm. All measurements were performed at this wavelength. An automatic zig-zag scan was used to map the spot of interest. Table I ) was densitometrically evaluated using the original 2DE gels of three different tumor samples and three different control samples.
Results
Soluble rat liver proteins were evaluated from hepatoma, control liver, isolated cells from regenerating rat liver, short-term cultivated rat liver cells and transformed rat liver cell lines. Using polychromatic silver staining ~ 1300 protein spots were observed in a pH range from ~4.5 to 8 and in a mol. wt area from -17 to 100 kDa. Examples of silver-stained 2DE gels are given for normal liver ( By analyzing 12 gel pairs, 41 protein variants were found to be identically changed in all hepatomas compared to control liver (I in Table II) ; quantitative and qualitative changes were detected. By comparison with gels of isolated regenerating liver cells one spot (r-1) was detected to be caused by proliferative activity (TJ in Table II ; Figures 1 and 3) .
The remaining 40 variants were now compared with transformed rat liver cell lines. Thirty protein spots were found to be identically changed in hepatomas and transformed liver cell lines (HI in Table II) .
In order to correct for the influence of culture conditions, the hepatoma-associated variants were compared with spots observed in gels of short-term cultivated cells (IV in Table H ). Eight culture-dependent variants were registered, seven of them were significantly reduced in hepatomas, transformed cell lines and in short-term cultivated cells. One variant spot (spot 17; mol. wt 35.0/7.4) is not expressed in controls and isolated cells, slightly visible in short-term cultivated cells and significantly increased in hepatomas and transformed cell lines. After these corrections, a total of 22 spot variants remain (TV in Table H ). Their enhanced (n = 6) or reduced (n = 11) and new (n = 5) expression has been found to be characteristic for the transformed phenotype of hepatomas and tumorigenic rat liver cell lines in our experiments.
Various other investigations for the study of protein changes in preneoplastic and neoplastic liver tissue have been reported using CIF in the first dimension followed by two-dimensional PAGE in the second dimension (according to 15). Thus, additional CIF-2DE had to be performed in order to be able to compare the results with those of other publications. All 22 hepatoma-associated and the eight culture-induced variants obtained by AIF-two-dimensional PAGE (HI in Table II) were included. Most of the variants obtained by AIF-2DE are present also after CIF-2DE, except for spot 16 and 18 (Figure 1 ), which cannot undoubtedly be defined in the CIF-2DE pattern because of frame effects in the alkaline area. For both focusing methods (AIF/CIF) the pH gradients for the 22 hepatoma-associated and eight culture-induced variants were determined after completing the first dimension. The apparent pi differs between AIF and CEF by -5% in the acidic area and up to 6.7% (e.g. spot 11) in the alkaline area of 2DE gels (Table HI) .
Additional information was obtained by studying the specific expression of single protein spots or complex spots series in the five different experimental groups. In Figure 3 . So the expression of this variant may be defined as due to proliferation processes. The spot complex 7/8 is glutathione-S-transferase P (GST-P) (mol. wt 26.0). It is not expressed in controls (A), isolated (C) and shortterm cultivated cells (D), but both spots are present in hepatomas (B) and in transformed cells (E) (39) . These spots could be defined in the 2DE pattern after co-electrophoresis with rat GST.
In Figure 2 an additional spot series (area B from Figure 1 -H) is demonstrated. Eight different protein spots (25-28, 20, 17, 13 and 14) are localized in a pH area of -6.6-7.4 and in a mol. wt range of -33.0-35.5. The change of intensity of various spots in this series was densitometrically determined for controls and hepatomas (Table I ). Their precise positions (mol. wt/pl) are described in Table m Spots 26-28, 20 and 17 must be defined as probably cultureinduced protein variants. The spots 25, 13 and 14 could be defined as associated to hepatomas and transformed rat liver cell lines.
Discussion
The 2DE pattern of soluble proteins consists of -1300 spots in each silver-stained sample of the five experimental groups investigated in this study. We tried to describe in these complex, but highly reproducible patterns protein variants which could be involved in hepatoma-and transformation-related processes by comparing 2DE gels of MNU-induced hepatomas and control liver. Aiming at a specification of these variants we corrected them by various control comparisons. We excluded proliferationdependent protein changes by comparison with the pattern of cells from regenerating liver. In addition, the heterogeneous cellular composition of normal liver and hepatomas with varying amounts of non-parenchymal cells might influence the results. Therefore transformed pure epithelial liver cell lines were included in the comparison, with the appropriate controls of short-term cultivated liver cells. Forty-one protein variants, qualitative (n = 8), but mainly quantitative (n = 33) in nature, were detected in the hepatoma/ control liver comparison. Among them, only one spot (r-1) seems dependent on increased proliferation. Thirty spots were found to be identically changed in transformed epithelial liver cell lines, including eight culture-induced protein spots. Thus, after these corrections for tumor-and transformation-independent changes, 22 tumor-and transformation-associated protein variants remained which were seen to be identically changed in hepatomas and transformed cell lines, but not in any control.
In order to facilitate a comparison of our results obtained by AIF-2D-PAGE separation (14, 32) with the data of the literature, the protein variants were analyzed again by CTP-2D-PAGE separations (Table in) . However, even when preparation of protein samples, ampholyte composition, focusing methods or gel staining are made under almost identical conditions, gels may be different and it is rather difficult to compare the results from different laboratories.
Sugioka et al. (40) detected six protein variants in rat hepatomas investigating total protein extracts of 2-acetylaminofluoreneinduced rat hepatomas by AIF-2D-PAGE followed by Coomassie Blue staining. These variants were compared with those found in our 2DE pattern of soluble proteins and also with those of total protein extracts stained by Coomassie Blue instead of silver. Taking the orientation of surrounding proteins and/or spot complexes as a reference, one spot detected by Sugioka (p35/6.6,AIF) in rat hepatomas was comparable to spot 17 (35.0/7.4, AIF) found in our 2DE pattern of hepatomas and transformed cells. In agreement with Sugioka, p35 and spot 17 were not detected in samples of regenerating liver. The addi- tional spots 25 (35.5/6.6.AIF) and 13 and 14 (33.0/7.3; 7.4 .ATF) which were detected in our study were not described by Sugioka. This may be due to the use of 120 /tg protein per 2DE in his study followed by the relatively insensitive Coomassie Blue staining method. Kitahara et al. (41) detected in the silver-stained 2DE pattern of soluble proteins of liver nodules a down-regulated variant (36.0/6.7,CIF). Wirth and Vesterberg (42) registered in cytosolic proteins of rat liver after alcohol abuse, a reduced variant (protein A 36.0/7.0.CIF). Both, possibly identical variants may be comparable to one or even both of our variants, spot 26 and/or 27 (35.5/6.7,AIF/6.5,CIF and 6.8,ATF/6.6,CIF), both considerably reduced in hepatomas in our series.
In preneoplasias and neoplastic nodules induced in rat livers by DEN/AAF treatment (25), 22 protein variants were found in the fraction of structure-bound proteins. Seventeen variants were registered in soluble protein fractions after CIF-2D-PAGE including protein A (66.0/6.8.CIF) (25) , but this was not detected in our gels. In the ALDH region, one qualitative variant was found in rat hepatomas (25) , but we cannot confirm this observation. Wirth et al. (26) described in DEN/AAF-induced rat hepatomas spot 1188 (29.0/6.0.CIF) as being down-regulated. This spot is possibly identical to our spot 40 (29.0/5.9,CIF) which we detected in reduced concentration in hepatomas. Unequivocally, we observed the GST-P being significantly upregulated in hepatomas, as described by others (25, 26, (38) (39) (40) (41) 43, 44) .
When comparing variants with regenerating liver to exclude proliferation-associated protein changes in specifying hepatomaassociated variants, spot r-1 (25.0/7.3,AIF/7.0,CIF), was registered as probably being regeneration-induced. This spot was present in hepatomas, isolated cells, short-term cultivated cells and in transformed cell lines, but was totally absent in control liver tissue. Huber et al. (45) described two variants named reg A (21.0/6.9,CIF and 25.0/6.9,CIF); the latter might possibly be identical to our spot r-1. Reg A was up-regulated four times after 70% partial hepatectomy, in agreement with our observation with spot r-1. However, reg A was reduced in chemically-induced neoplasia, contrary to our results.
It has been shown (26) that using different tumor-inducing agents, protein spots may become differently expressed or suppressed. The best example is the tumor marker GST-P which was neoexpressed in the Solt-Farber model of liver carcinogenesis (26) , but not in the Reddy model (ciprofibrate) (26) . This observation may explain why a comparison of 2DE results obtained with a different experimental design may lead to contradictory results.
Among the 30 variants, identically changed in hepatoma and transformed cell lines, eight putative culture-induced variants were detected. Seven of these variants were significantly reduced. We assume, that these protein variants are liver-specific, because of their reduced expression after 24 h in culture. This observation is in accordance with other investigations (46) which showed that cytochrome P450 was reduced by ~ 50% in rat hepatocytes after cultivation for 24 h under standard conditions. Experiments of Clayton and Darnell (47) confirmed these results. Disaggregated liver cells show a reduction of liver specific mRNA after 24 h in culture. RNA synthesis for organ-unspecific proteins remained basically unchanged. However, increased expression of structural liver proteins was recognized in liver cells 24 h after cell cultivation (48) . The observation of spot 17 which was slightly expressed in our experiments in short-term cultivated cells after 24 h in culture is in line with this finding. Spot 17 is significantly expressed in hepatomas and transformed cells. This may be due to significant structural changes during the dedifferentiation process of tumors.
Changes of the expression pattern of proteins have been described in 2DE after modifying the functional state in various model systems, using different chemical carcinogens, growth factors or hormones. Like the tumor marker GST-P (see above) the tropomyosins (TM1-TM6) are known to be differently regulated in normal and transformed rat cells (49) . The synthesis of tropomyosin in mouse and rat fibroblasts is suppressed after addition of transforming growth factor a (TGFa) for different time intervals (50) . showed an enhanced expression of the nuclear protein cyclin induced by platelet-derived growth factor (PDGF) and fibroblast growth factor (FGF) in quiescent 3T3 cells. Santardn and Bravo (52) detected four protein spots in the same mol. wt area in quiescent 3T3 cells differently induced by serum and growth factors.
Investigations on age-dependent hepatic synthesis of al\t.-globulin in male rats (53) resulted in five different isoelectric variants of approximately equal mol. wt. Similarly, we observed in our studies, in addition to single spot deviations, altered spot series of the same mol. wts, but different pi. As shown in Figure  2 one of the spot series consisted of eight different protein spots. Six of them were in an approximately equal mol. wt area (35.5: spots 25-27 and 35.0: spots 28,20,17) with only slight differences in their pi values (see Table HI ). We assume, that these spots possibly represent the product of only one or two genes which might be changed by post-translational modifications, e.g. phosphorylation or glycosylation, and thus might become detectable as multiple isoelectric and/or mol. wt variants. On the other hand, it cannot be excluded that this series of hepatoma-associated variants represents isoelectric variants of products of a gene family with a different regulation of each gene.
At present, nothing can be said about the identity or biological function of most of the detected tumor-and transformationassociated protein variants. However, the applied selection procedure using comparisons of 2DE gels of liver cells at various functional, proliferative and transformed states with the exclusion of non-parenchymal cells enabled us to delineate protein variants which bear implications for malignant transformation and/or progression in hepatocarcinogenesis with high probability. Further investigations are focused on detailed characterization including microsequencing of some of the detected tumorassociated protein variants.
